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A geometrical  iner t ia l  navigation system with a gyrostabilized 
platform oriented along the axes  of an iner t ia l  f r ame  of re ference  and 
with an accelerometer  platform oriented in a horizontal coordinate 
sys tem finds use in the navigation near the earth.  The problems of the 
theory of such sys tems a r e  se t  forth by Fridlender  , Karakashev , and 
Seleznev3. 
one of the works4 a r e  defined m o r e  precisely,  and an evaluation of the 
systematic e r r o r s  due to  the translational and Coriolis accelerat ions 
is given. 
1 2 
In the present  a r t ic le  the equations of dynamics cited in 
A simplified diagram of a geometrical  iner t ia l  navigation sys t em 
is shown in  F igure  1. The main elements of the sys t em a r e  the gyro- 
stabilized platform 1 which p rese rves  i ts  orientation of the axes relative 
to  iner t ia l  space with the help of three quadratic integrating float 
gyroscopes 2 ,  and the platform 3 with two acce lerometers  A, and Ay 
graphical coordinate sys tem in an object. 
acce le rometers  is an  analog of Schuler pendulum and is set into the 
local normal  with the help of a servodrive. 
, which defines the normal  of the system and which simulates the geo- 
The platform with the 
W e  will  examine the operation of the sys tem during the motion of 
an object in  a grea t  c i rc le  relative to  the ear th  at the velocity W. 
We will introduce the f r ames  of reference.  The iner t ia l  frame of 
re ference  e q e  has the following orientation of the axes (F igure  2).  The 
axis  e is oriented upward, paral le l  to the ea r th ' s  axis of rotation. At 
the init ial  instant of t ime,  the axis E is  oriented toward the east .  The 
ax is  q forms a right-handed coordinate sys tem with the axes 5 and E 
and i s  oriented toward the north a t  the initial instant. 
We will  take the coordinate system c o r l o  Eo a s  the horizontal 
coordinate system. 
normal.  
the east .  
north, and fo rms  a right-handed coordinate sys tem with the axes go 
and eo. 
The axis  Eo is oriented upward along the geocentric 
The axis eo l ies  in a horizontal plane and is oriented toward 
The axis qo l ies in a horizontal plane, is oriented toward the 
- 
G. 0. Fridlender ,  INERTSJAL'NYYE SISTEMY NAVIGATSII 
( Iner t ia l  Navigation Systems),  Fizmatgiz, 1961. 
V. A. Karakashev, ON THE THEORY OF AN INERTIAL SYSTEM, 
Izvestiya vysshikh uchebnykh zavedeniy, Priborostroyeniye (News of 
the Higher Educational Institutions, Instrument Making), Vol. 4, No. 5, 
1961. 
V. P. Seleznev, NAVIGATSIONNYYE USTROYSTVA (Navigation 
Devices),  Oborongiz, 1961. 
Karakashev, loc. cit. 
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1 - The Gyroscopic Platform; 2 - The Floa t  Integrating 
Gyroscopes; 3 - The Pla t form with the Acce lerometers .  
Figure 1. A Simplified Kinematic Diagram of a Geometr ic  
Navigation System 
2 
3 
We will couple with the gyroplatform the sys tem of the coordinates 
Xg, Yg, and zg the axes of which a t  a ze ro  value of the angles 
and $3 a r e  a r ranged  in the following manner.  
upward along the rotation axis of the gyroplatform relative to  the inner 
r ing of the gimbal. 
the inner in the outer r ing of the gimbal. The axis x coincides with 
the rotation axis  of the outer r ing,  relative to the framework of the 
device, and forms a right-handed coordinate sys tem with the axes yg 
and zg. 
tjJ2, 
The axis  zg is oriented 
The axis y coincides with the rotation axis of g 
g 
W e  will couple the coordinate sys tem xyz with the acce lerometer  
platform. 
form. The axis x l ies in the plane of the platform and is oriented 
toward the eas t  along the rotation axis  of the platform. 
in  the plane of the platform and forms a right-handed coordinate sys tem 
with the axes x and z. 
The axis z is oriented upward, perpendicularly to the plat-  
The axis  y l ies  
The axis y is oriented toward the north. 
5 A s  shown in one of the works the precession equations of motion 
of the gyroplatform a r e  writ ten in a simplified form in the following 
manner : 
t 
0 
where $,, + 2 ,  and 14J3 are  the angles of deflection of the sys tem of the 
coordinates xg,  yg,  and zg f rom the coordinate sys t em  ET^; H is the 
kinetic moment of the gyroscope ro tor  and M,, , Mv2,  a n d M v 3  a r e  
the moments around the output axes  of the gyroscopes,  which cause 
a departure of the gyroplatform in the course  of time f rom the iner t ia l  
f r a m e  of reference.  
The platform with the acce le romete r s  has  two degrees  of f reedom 
g' relative to  the gyroplatform. It can  rotate  about the axes  Ox and Oz 
In Figure 3 is shown a block d iagram of the measuring sys t em with 
acce lerometers  for two channels. The signals of the accelerat ions 
'Karakashev, loc. cit. 
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Wa(p) 
Wi(p) 
Wc(p) 
wch(p)  
Ws(p) 
Wu(p) 
W (p) = The t ransfer  function of the servodrive.  SP 
= The t ransfer  function of the accelerometer .  
= The t ransfer  function of the integrator.  
= The t ransfer  function of the correct ion device. 
= The t ransfer  function of the clockwork. 
= The t ransfer  function of th.e adding device. 
= The t ransfer  function of the amplifier.  
F igure  3. The Block Diagram of the Measuring System 
with the Acce lerometers  for Two Channels. 
5 
with which the accelerometer  platform moves in the directions x and y 
a r e  sent to  the input of the channels and the absolute angles (labs and 
pabs of the turn  of the platform about the respective axes zg and x, 
i. e. , the turns  of the platform relative to the iner t ia l  f r a m e  of re ference  
a r e  received at the output. 
-- reg is te rs  the turn of the horizontal coordinate sys tem coqo{0 
relative to  the iner t ia l   ET^. 
aabs - atrans = a and pabs - ptrans = p constitutes the angle of inclina- 
tion of the accelerometer  platform relative to the horizontal plane. 
Because of this inclination, the acce lerometers  measu re  the components 
ga and gp  of the ver t ical  acceleration g. 
A feedback circui t  with the t ransfer  function 
1 
RP2 
The difference between the angles 
5 
Denoting wa(P) ,  w i (P ) ,  wu(P), wsP(P), wc(p ) ,  wch(p) ,  and 
Ws(p) the t ransfer  functions of the elements: acce le ra to r ,  integrator ,  
amplifier,  servodrive,  correct ion,  clock, and adding mechanisms 
respectively; denoting by ax and a the signals received a t  the input of 
the acce lerometers  Ax and A an2denoting by wg the angular velocity Y 
of the ear th’s  rotation we will obtain, in accordance with the block 
diagram shown in F igure  3 ,  the following equations of the acce lerometer  
platform for each one of the channels: 
The angle Pabs is read  counterclockwise i f  viewed f rom the side 
of the positive direction of the axis  x. The minus sign in  front of the 
Pabs i s  explained by the fact that integration of a positive value of the 
acceleration a, leads to a decrease  of the angle Pabs. 
We will take into account that  
where Qabs and pabs a r e  the angles of deflection of the axes  x and y 
of the accelerometer  platform relat ive to the axes  q and E of the 
iner t ia l  f rame of reference,and where o, and wzg represent  the angular 
>:c . 
1 = integrator ,  ch = clockwork, c = correc t ion  device,  s = adding 
device,  u = amplif ier ,  s p  = servodrive 
6 
I 
velocity of the rotation of the accelerometer  platform about the axes 
x and zg relative to  the ver t ical  coordinate system. 
The t ransfer  functions of the separate  elements of the sys t em a r e  
as follows: 
F o r  the acce lerometers  
ka 
( 3 )  
where ka is the t ransfer  ra t io  of the accelerometer  and T,, and Tza  
a r e  the t ime constants of the accelerometer .  
F o r  the integrators  
where ki  is the t ransfer  ra t io  of the integrator and T i  is the time 
constant of the integrating drive. 
F o r  the correct ion devices 
WCX(P) = kc and Wc,(p) = kc , 
where kc is the t ransfer  ra t io  of the correction device. 
F o r  the amplif iers  
where  k, is  the amplification factor of the amplifier and Tu is  the 
time constant of the amplifier. 
F o r  the clockwork 
(5)  
where  k,h is  the t ransfer  ratio of the clockwork. 
7 
F o r  the adding device 
WJP)  = ks  3 
where  ks i s  the t r ans fe r  ra t io  of the adding device. 
F o r  the servodrives  
where T s p  is the t ime constant of the servodrive and ksp is the t r ans fe r  
ra t io  of the servodrive.  
We will wr i te  the equations (2)  in the following form: 
Usually the sys tem is designed in such a manner  that the lag of 
To achieve this ,  the pa rame te r s  Ti,, T2,, T i ,  T u ,  
the separate  elements does not affect mater ia l ly  the resu l t  of the 
measurement.  
of the sys tem's  e lements  mus t  be sufficiently small .  Without 
and taking TsF he lag of the sys t em ' s  elements into account the equations (10) 
a s sume  the form: 
kak: kc 
P p2cos cp 
We will pass  on to an examination of the dependence of the output 
signals of the acce lerometers  on the p a r a m e t e r s  of the object ' s  motion. 
Signals measured by the acce le romete r s  a r e  determined in the following 
8 
manner.  
plex motion. 
by the relat ive,  translational,  and Coriolis accelerations.  
The platform with the acce lerometers  participates in a com- 
The absolute acceleration of the platform is determined 
During the motion in a great  c i rc le ,  the relative acceleration is 
dependent on the motion of the object re la t ive to the earth. 
motion of the object without a variation in the altitude of the flight, 
the relative acceleration consists of the normal  o r  centripetal  acce le ra -  
tion directed along the radius of the ear th  toward its center ,  and 
tangential acceleration directed along the travelling velocity of the 
object. 
During the 
Translational acceleration appears due to the ea r th ' s  rotation. 
It a l so  consists of the normal  and tangential acceleration. 
of normal  acceleration l ies  in the meridian plane and is directed 
perpendicularly to the ea r th ' s  axis of rotation. 
accelerat ion is directed perpendicularly to the vectors  of centripetal  
accelerat ion and angular velocity of the ea r th ' s  rotation. 
accelerat ion may be neglected since the ear th  rotates  almost uniformly. 
The vector 
The vector of tangential 
Usually this 
Coriol is  acceleration develops due to the ear th ' s  rotation and the 
motion of the object in a grea t  circle. The vector of this acceleration 
is perpendicular to the plane in  which the vectors  of the ea r th ' s  
rotation lie and to the relative velocity of the motion of the object, and 
is s e t  in  that direction where the point of the relative-velocity vector 
tends under the effect of angular velocity. 
In the projections on the axes eo and qo of the horizontal coordinate 
sys t em,  the absolute acceleration acting on the accelerometer  platform 
has  the following form according to Fr idlender6:  
aEo = WE - 2u3s in9  WN - W~-tgcp  ; R 
1 2  a = WN t -Rm3 sin 2 9  t 2 a ,  sincpWE t 
TO 2 R coscp 
We will introduce the following notations: 
W E  
A a Z o  = - 2a3 sincp W N  - WN- tg(D ; R 
Fridlender  , loc. cit. 
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In that case we have 
If it is  taken into consideration that under the actual conditions 
the angles a ,  p, and 6 and the quantities h ,  b ,  and 6 a r e  small, then 
the s ines  of the angles may be replaced with the angles themselves 
and the cosines may be assumed to be equal to unity. In addition to 
th i s ,  we wi l l  consider a s  being infinitely small  those i tems  in which 
a ,  p, 6 ,  a ,  6 ,  and 6 o r  the products of their  multiplication by the 
quantities of the order  of w3 and W/R a r e  the co-factors.  With this 
taken into account in the projections on the axes x ,  y ,  and z, the 
formulas (1 3) a r e  writ ten in a simplified form in the following manner: 
aY = W N  t Aaqo . 
With account taken of the formula 
Pa PE = - c o s  Q, 
where E is the angle of turn of the acce lerometer  platform about the 
axis z 
platform in the case  of an ideal stabilization of the axes  of the gyro- 
platform have the form: 
the angular.velocities of the rotation of the acce lerometer  g ,  
W E  
wzp = &t w3 t R C O S T  
After substituting the expressions (15) and (17) into formula (10)  
in conformity with Schuler ' s  conditions according to which in the case  
under consideration 
10 
we wi l l  obtain differential equations of motion of the accelerometer  
platform in  the following form: 
Setting a part icular  solution of the sys tem (19) in  the fo rm of 
the e r r o r s  of the iner t ia l  sys tem may be writ ten as follows when 
deter  mining: 
the normal  04 the location 
hhe flight velocity 
the position coordinates 
I 
A s  a numerical  calculation indicates,  the systematic e r r o r s  of a 
geometric iner t ia l  navigation sys tem due to the effect  of the t ranslat ional  
and Coriolis accelerations a r e  considerable and must  be compensated 
in  an  exact measurement  of the parameters  by the system. 
The method used in the work for writing the differential equations 
of the system on the bas i s  of its block diagram makes the solution of 
the problem eas i e r  and also makes it possible to evaluate the effect of 
the dynamics of the separate  elements in a m o r e  complete examination 
of the processes  using the methods of the control theory. 
SELECTED BIBLIOGRAPHY 
Lur 'ye,  A. I. , ANALITICHESKAYA MEKHANIKA (Analytical Mechan- 
i c s ) ,  Fizmatgiz, 1961. 
12 
DISTRIBUTION 
I No. of Copies No. of Copies 
EXTERNAL 
Air University Library 
ATTN: AUL3T 
Maxwell Air Force Base, Alabama 36112 
U. S .  Anny Electronics Proving Ground 
All": Technical Library 
Fort Huachuca, Arizona 
U. S .  Naval Ordnance Test Station 
ATTN: Technical Library, Code 753 
China Lake, California 93555 
U. S .  Naval Ordnance Laboratory 
ATTN: Library 
Corona, California 91720 
Lawrence Radiation Laboratory 
ATTN: Technical Information Division 
P. 0. Box 808 
Livermore, California 
Sandia Corporation 
All": Technical Library 
P. 0. Box 969 
Livermore, California 94551 
U. S .  Naval Postgraduate School 
ATTN: Library 
Monterey, California 93940 
Electronic Warfare Laboratory, USAECCM 
Post Office Box 205 
Mountain View,  California 94042 
Jet Propulsion Laboratory 
All": Library (TDS) 
4800 Oak Grove Drive 
Pasadena, California 91103 
U. S .  Naval Missile Center 
AT": Technical Library, Code N3022 
Point Efugu, California 
U. S. Army Air Defense Conrmand 
ATIN: ADSX 
Ent Air Force Base, Colorado 
Central Intelligence Agency 
ATTN: OCWDD-Standard Distributipn 
Washington, D. C. 20505 
Harry Diamond Laboratories 
ATIN: Library 
Washington, D. C. 20438 
Scient i f ic  & Tech. Infomation Div., NASA 
ATTN: ATS 
Washington, D. C. 20546 
80912 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
4 
1 
1 
U. S .  Atomic Energy Conmission 
ATIN: Reports Library, Room G-017 
Washington, D. C. 20545 
U. S. Naval Research Laboratory 
ATIN: Code 2027 
Washington, D. C. 20390 
Weapons Systems Evaluation Group 
Washington, D. C. 20305 
John F. Kennedy Space Center, NASA 
ATTN: KSC Library, Documents Section 
Kennedy Space Center, Florida 32899 
APGC (PGBPS-12) 
Eglin Air Force Base, Florida 32542 
U. S .  Army CDC Infantry Agency 
Fort Benning, Georgia 31905 
Argonne National Laboratory 
ATTN: Report Section 
9700 South C a s s  Avenue 
Argonne, I l l i no i s  60440 
U. S .  Amy Weapons Command 
Rock Island, I l l i no i s  61201 
Rock Island Arsenal 
Rock Island, I l l i no i s  61201 
U. S. Amy and. 4 General Staff College 
ATIN: Acquisitions, Library Division 
Fort Leavenworth, Kansas 66027 
Combined Arms Group, USACDC 
A": 
Fort Leavenworth, Kansas 66027 
U. S. Any CDC Armor Agency 
Fort h o x ,  Kentucky 40121 
Michoud Assembly Facil i ty,  NASA 
ATTN: Library, I-MIiII(H-QSD 
P. 0. Box 29300 
New Orleans, Louisiana 70129 
Aberdeen Proving Ground 
ATTN: Technical Library, Sldg. 313 
Aberdeen Proving Ground, Maryland 21005 
NASA Sci. 4 Tech. Infonation Facil i ty 
A'lTN: Acquisitions Branch (S-AK/DLI 
ATTN: AMWE-RDR 
ATTN: SWERI-RDI 
Op. Res., P and P Div. 
. . .  
P. 0. Box'33 
College Park, Maryland 20740 
U. S. Army Edgewood Arsenal 
All": Librarian, Tech. Info. Div. 
Edgewood Arsenal, Maryland 21010 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
5 
1 
1 3  
No. of Copies No. of Copies 
National Security Agency 
AlTN: C3/TDL 
Fort Meade, Maryland 20755 
Goddard Space Flight Center, NASA 
A m :  Library, p c m n t s  Section 
Greenbelt, Maryland 20771 
U. S. Naval Propellant Plant  
AlTN: Technical Library 
Indian Head, Maryland 20640 
U. S. Naval Ordnance Laboratory 
AlTN: Librarian, Eva Liberman 
Silver Spring, Maryland 20910 
Air Force Cambridge Research Labs. 
L. G. Hanscom Field 
AlTN: CRMXLwStop 29 
Bedford, Massachusetts 01730 
Springfield A m r y  
Springfield, Massachusetts 01101 
U. S. A m y  Materials Research Agency 
Watertm, Massachusetts 02172 
Strategic Air Canmand (OM) 
Offutt Air Force Base, Nebraska 68113 
Picatinny Arsenal, LEAMEOM 
Dover, New Jersey 07801 
U. S. Army Electronics Conrmand 
Fort Monrmuth, New Jersey 07703 
Sandia Corporation 
AlTN: Technical Library 
P. 0. Box 5800 
Albuquerque, New Mexico 87115 
o w m )  
Holloman Air Force Base, New Mexico 88330 
Los A l m s  Scientific Laboratory 
All": Report Library 
P. 0. Box 1663 
Los Alamos, New Mexico 87544 
White Sands Missile Range 
Am: Technical Library 
White Sands, New Mexico 88002 
Rome Air Development Center (€!MAL-1) 
ATIN: Docments Library 
Griffiss Air Force Base, New York 
AlTN: SWESP-RE 
A"N:  AMXMR-ATL 
All": SMlJPA-VA6 
A": AMEL-CB 
13440 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Brookhaven National Laboratory 
Technical Information Division 
AlTN: Classified Documents Group 
Upton, Long Island, New York 
Watervliet Arsenal 
Watervliet, New York 12189 
U. S. Army Research Office (ARO-D) 
Box (3, hke Station 
Ixlrham, North Carolina 
Lewis Research Center, NASA 
ATIN: Library 
21000 Brookpark Road 
Cleveland, Ohio '44135 
Systems Engineering Group (KID) 
ATIN: SEPIR 
Wright-Patterson Air Force Base, Ohio 45433 
U. S. Army Arti l lery & Missile School 
ATIN: Guided Missile Department 
Fort S i l l ,  Oklahoma 73503 
U. S. Army CLK Artil lery Agency 
AT":  Library 
Fort S i l l ,  Oklahoma 73504 
U. S. Amy War College 
All": Library 
Carlisle Barracks, Pennsylvania 17013 
U. S .  Naval Air Development Center 
AT": Technical Library 
Johnsville, Waxminster, Pennsylvania 18974 
Frankford Arsenal 
All": C-2500-Library 
Philadelphia, Pennsylvania 19137 
Div. of Technical Information Ext., USAEC 
P. 0. Box 62 
Oak Ridge, Tennessee 
Oak Ridge National Laboratory 
All": Central Files 
P. 0. Box x 
Oak Ridge, Tennessee 
Air Defense Agency, ISACDC 
All": Library 
Fort B l i s s ,  Texas 79916 
U. S. Army Air Defense School 
Fort Bliss, Texas 79906 
ATIN: SWEWV-RD 
AT": CRD-AA-IP 
AlTN: AKBAAS-DR-R 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
14 
No. of Copies 
U. S. Army CDC Nuclear G r o u p  
Fort Bliss, Texas 79916 
Manned Spacecraft Center, NASA 
ATIN: Technical Library, Code BM6 
Houston, Texas 77058 
Defense Documentation Center 
Cameron Station 
Alexandria, Virginia 22314 
U. S .  Anny Research Office 
ATIN: STINFO Division 
3045 Columbia Pike 
Arlington, Virginia 22204 
U. S. Naval Weapons Laboratory 
ATIN: Technical Library 
Dahlgren, Virginia 22448 
U. S. Amy Engineer Res. & Dev. Labs. 
ATIN: 
Fort Belvoir, Virginia 22060 
Langley Research Center, NASA 
ATIN: Library, i%-185 
Hampton, Virginia 23365 
Research Analysis Corporation 
ATIN: Library 
McLean, Virginia 22101 
U. S. Anny Tank Automotive Center 
Warren, Michigan 48090 
Hughes Aircraft Company 
Electronic Properties Information Center 
Florence Ave. 6 Teale S t .  
Culver City, California 
Atomics International, Div. of NAA 
Liquid Metals Information Center 
P. 0. Box 309 
Canoga Park, California 
Foreign Technology Division 
AT":  Library 
Wright-Patterson Air Force Base, Ohio 45400 
Clearinghouse for  Federal Scient i f ic  and 
U. S. Department of Commerce 
Springfield, Virginia 22151 
Foreign Science 4 Technology Center, USAMC 
ATTN: M r .  Shapiro 
Washington, D. C. 20315 
Scient i f ic  & Technical Info. Br. 
A m :  SMXA-RTS.l 
Technical Information 
1 
1 
20 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
3 
INTERNAL 
Headquarters 
U. S. Army Missile Command 
Redstone Arsenal, Alabama 
ATTN: M I - D  
A M S M I - E ,  M r .  Lowers 
AMNI-XS, Dr. Carter 
M I  -Y
AMSMI-R, M r .  McDaniel 
AMSMI-RAP 
AMSMI -RBLT) 
USACDC-LnO 
AMSMI-RB, M r .  Croxton 
MMI-RBT 
AMSMI-YOS, M r .  Manders 
No. of Copies 
1 
1 
1 
1 
1 
1 
10 
1 
1 
8 
1 
National Aeronautics E Space Administration 
Marshall Space Flight Center 
Huntsville, Alabama 
ATTN: MS-T, M r .  Wiggins 5 
15 
UNCLASSIFIED 
Security Classification 
I DOCUMENT CONTROCDATA- R8tD 1 
3.  REPORT T I T L E  
ON THE CALCULATION O F  AN INERTIAL NAVIGATION SYSTEM I 
(Security claaarlicatim Of title. bcdv Of abstract and Indexma annotation muat be entered when the overall report is classified) 
author) 2.3 R E P O R T  SECURITY c LASSIFICATION 
Unc la s s i f ied  
2 6  GROUP 
I 
6. R E P O R T  DATE 7 6 .  T O T A L  N O .  O F  PAGES 
12 D e c e m b e r  1966 15 
------I 4. DESCRIPTIVE NOTES (Type of report and inclusive dates) 
76. N O .  O F  R E F S  
4 
T r a n s l a t e d  f r o m  the R u s s i a n  
N. Ya. Vovchenko 
S AUTHOR(S) (Laat name, l i n t  name. inltial) 
0 .  CONTRACT OR GRANT NO, 
N /A 
N /A 
d. 
b. P R O J E C T  NO. 
C .  
S a .  ORIGINATOR'S REPORT NUMBER(S) 
RSIC-621 
Ob. OTHER REPORT NGfS) (Any othernumbere that may be aasimed 
thia mport> 
AD 
1 1 .  S U P P L E M E N T A R Y  NOTES 
None 
1 J 
73 UNCLASSIFIED 
12. SPONSORING M I L I T A R Y  A C T I V I T Y  
Same as No. 1 
F O R M  DD 1 J A N  0 4  14'- - 
16 Security Classification 
UNCLASSIFIED 
Security ClassificatiGn 
14. 
K E Y  WORDS 
Gyro s ta bilized platf orm 
Equations of dynamics 
T ran s lational and Coriolis ac c e le ration 
Schuler pendulum 
Inertial frame of reference 
INSTRJCTIOND 
L. ORIGINATING ACTIVITY Enter the name and address 
)f the  contractor, subcontractor, grantee, Department of De- 
‘ense activity or other organization (corporate author) issuing 
he report. 
la. REPORT SECUWTY CLASSIFICATION: Enter the ovep  
a11 security classification of the report. Indicate whether 
‘Restricted Data” i s  included Marking is to b e  in accor& 
ince with appropriate security regulations. 
!b. GROUP. Automatic downgrading is specified i n  DoD Di- 
ect ive 5200.10 and Armed Forces Industrial Manual. Enter 
he group number. Also, when applicable, show that optional 
narkings have been used for Group 3 and Group 4 ‘as author- 
zed.  
I. R W O R T  T I T L E  Enter the complete report title in  all 
:apitel letters. Titles in  all c a s e s  ahould be  unclassified. 
.f a meaningful title cannot be selected without classifice- 
ion, show t i t le  classification in  all capitals in parenthesis 
mmediately following the title. 
I. DESCRIPTIVE NOTES If appropriate, enter the type of 
eport, e. g., interim, progress, summary, annual, or final. 
Xve the inclusive dates when a specific reporting period is 
:overed. 
i. AUTHOR(S): Enter the name(s) of author($ a s  shown on 
)r in the report. Enter las t  name, first name, middle initial. 
f military, show rank and branch of service. The name of 
h e  principal author is an absolute minimum requirement. 
i. REPORT DATE Enter the date of the report a s  day, 
nonth, year; or month, year. If more than one date appears 
)n the report, u s e  date  of publication. 
‘a. TOTAL NUMBER O F  PAGES The total page count 
ihould follow normal pagination procedures, Le., enter the 
lumber of pages containing information. 
rb. NUMBER O F  REFERENCES Enter the total number of 
eferences cited in the report. 
la. CONTRACT OR GRANT NUMBER. If appropriate, enter 
he applicable number of the contract or grant under which 
he report was written 
Sb, 8c, & Ed. PROJECT NUMBER Enter the appropriate 
nilitary department identification, such a s  project number, 
iubproject number, system numbers, task number, etc. 
)a. ORIGINATOR’S REPORT NUMBER(S): Enter the offi- 
:ial report number by which the document will be identified 
and controlled by the originating activity. This  number must 
)e unique to this report. 
)b .  OTHER REPORT NUMBER(S): If the  report has  been 
assigned any other report numbers (either b y  the originator 
)r b y  the sponsor), also enter this  number(@. 
L I N K  A L I N K  B 
R O L E  __ W T  
L I N K  C 
R O L E  
- 
W T  
10. AVAILABILITY/LIMITATION NOTICES Enter any lim 
itetions on further dissemination of the report, other than thosm 
imposed by security classification, using standard statements 
such as: 
(1) 
(2) 
(3) 
“Qualified requesters may obtain copies of this  
report from DDC” 
“Foreign announcement and dissemination of this  
report by DDC is not authorized. ’’ 
“U. S. Government agencies may obtain copies of 
this  report directly from DDC. Other qualified DDC 
users shall request through 
(4) “U. S. military agencies may obtain copies of this  
report directly from DDC Other qualified users 
shall request through 
(5) “All distribution of this report is controlled Qual- 
ified DDC users shall request through 
* t  
If the report has  been furnished to the Office of Technical 
Services, Department of Commerce, for sa le  to the public, ind 
c a t e  this  fact and enter the price, i f  known. 
11. SUPPLEMENTARY NOTES. Use for additional explane  
tory notes. 
12. SPONSORING MILITARY ACTIVITY Enter the name of 
the departmental project office or laboratory sponsoring (pay- 
ing for) the research and development Include address. 
13. ABSTRACT: Enter an abstract giving a brief and factual 
summary of the document indicative of the report, even though 
it may also appear elsewhere in the body of the technical re- 
port. If additional space i s  required, a continuation sheet 
shall be attached. 
ports be unclassified. Each paragraph of the abstract shall 
end with an indication of the military security classification 
of the information in the paragraph, represented a s  (TS), (s). 
It i s  highly desirable that the abstract of classified re- 
(C), or (UJ 
There i s  no limitation on the length of the abstract. HOW- 
ever, the suggested length i s  from 150 to 225 words. 
14. KEY WORDS: Key words are technically meaningful term 
or short phrases that characterize a report and may be used a 
index entries for cataloging the report. Key words must be 
selected so that no security classification i s  required. Iden- 
fiers. such a s  equipment model designation, trade name, qi l i -  
tary project code name, geoEraphic location, may be used a s  
k e y  words but will be followed by an indication of technical 
context. 
oDtional. 
The assignment of links, rules, and weights IS 
UNCLASSIFIED 
Security Classification 17 
